We modified an earlier design of a draw-string trap to capture free-ranging eastern grey kangaroos, Macropus giganteus, at Portland Aluminium, Victoria, Australia. The trap consisted of a tunnel of netting suspended from a metal frame erected at a narrow gateway in a fence, which was constructed where kangaroos had established runways between paddocks and shelterbelts. We set up five traps on different fences and operated them from a hide 20 m away. A team of 2 -6 people drove kangaroos from the paddocks into cover, and the reverse. When a target individual entered a trap, we closed the netting at each end with hand-operated drawstrings, thereby restraining the kangaroo for examination and treatment. We captured 28 individuals a total of 59 times, and encountered few problems. The technique has potential for use with kangaroos and other species that habitually push under fences.
MANY techniques are used to capture large, freeranging macropods (Macropodidae -kangaroos and wallabies), and each technique has practical limitations. Most early studies used trap yards to capture red kangaroos, Macropus rufus, eastern grey kangaroos, M. giganteus, and euros, M. robustus (e.g., Ealey 1967; Dawson et al. 1975; Jarman and Taylor 1983) , but these yards often caused severe capture myopathy (Shepherd 1981) and high levels of mortality (e.g., Keep and Fox 1971; Wapstra 1976) . In the arid zone of Australia, cannon netting has been successful in capture of M. rufus and M. robustus at water troughs (e.g., Clancy and Croft 1990; Edwards et al. 1994) , but this approach is effective only in dry conditions. Immobilising drugs, predominantly alpha chloralose, have been delivered in water and food to restrain M. rufus and western grey kangaroos, M. fuliginosus (e.g., Arnold et al. 1986; Norbury et al. 1994) , but the effectiveness of this approach is limited by the inability to control the amount of bait ingested. The use of syringe darts to deliver immobilising drugs has been mainly restricted to smaller macropods, including agile wallabies, M. agilis (Stirrat 1997) , red-necked wallabies, M. rufogriseus (Higginbottom 1989) , and swamp wallabies, Wallabia bicolor (Troy et al. 1992) , and there has been concern about trauma caused by the greater payload and velocity required for larger species (Shepherd 1981) . Stunning, which is achieved by firing a high-velocity bullet over the head of a kangaroo that is held in a spotlight beam, has been used to capture M. rufus, M. giganteus, M. fuliginosus, and M. robustus (e.g., Robertson and Gepp 1982; Jaremovic and Croft 1991; Clancy and Croft 1992; Coulson 1993) ; the technique is limited to situations where high-velocity bullets can be fired safely, and handlers can run up to 50 m at night without risk of injury. Coulson (1996) exploited the fact that kangaroos are reluctant to jump over fences, preferring instead to squeeze underneath or through a gap, resulting in the formation of well-worn runways at places where fences cross natural hollows or have been damaged. He constructed draw-string traps at established runways to capture M. giganteus as they moved through a fence separating cover and pasture. His trap design consisted of a tunnel of netting suspended from a metal frame. When a kangaroo entered the trap, the netting was closed at each end with handoperated draw-strings, thereby restraining the kangaroo, which could then be manipulated and removed from the trap. The trap was selective, and proved safe for animals and operators alike. However, the original implementation of this design had several practical limitations: 1) the method relied on passive, uni-directional movement of kangaroos from cover to pasture in the evening, 2) the netting was often dislodged by large adult males, and 3) two operators were required. In this paper we report on modifications to the original design, which overcome these limitations and broaden the scope of this technique.
METHODS
We modified the trap as part of a study of fertility control of free-ranging M. giganteus Poiani et al. 2002) . The study was conducted at Portland Aluminium (38° 23' S, 141° 37' E), located on a headland on the western coast of Victoria, Australia (Coulson et al. 1999) . The area has a temperate climate, with mild summers and cool winters, and a mean annual rainfall of 837 mm which is winter-dominated. Our study site was a 80 ha farm, which supported a herd of beef cattle used to monitor fluoride accumulation within the buffer zone of the aluminium smelter. The farm consisted of nine paddocks, separated by approximately 20 ha of fenced shelterbelts and remnant patches of natural vegetation. A growing population of M. giganteus also occurred on the farm, feeding at night on paddocks being spelled from cattle, and resting in the adjacent shelterbelts during the day. Our objective was to capture all of the estimated population of 30 adult female M. giganteus on the farm, then to recapture as many as possible for subsequent monitoring.
Kangaroos had established runways under fences that separated paddocks and shelterbelts. All fences were electrified: most consisted of 7 six strands of plain wire, alternately earth and live (from the base), but some older fences had standard 'ringlock' netting at the base and two stands of plain wire (one live) above that. In June 1998, we reduced the number of runways by blocking most with planks or additional wire. We then converted the five most heavily-used runways into permanent kangaroo gateways by cutting the fence at these points and attaching it to two treated-pine posts (120 mm diameter), approximately 1100 mm high and 550 mm apart ( Fig.  1) . Three of these gates were on old netting fences and two on newer 7-strand fences. Over a period of several weeks we progressively added two or three wooden cross-pieces to the gate posts, lowering the gate to approximately 700 mm above soil level (Fig.  1 ). These components reduced the speed of kangaroos as they moved through the gate, forcing them to crawl rather than hop.
At each kangaroo gateway we installed the trap floor on the shelterbelt side. The floor comprised a standard-sized 1200 x 1800 mm sheet of steel weldmesh (5 mm diameter, 100 x 100 mm mesh) pinned firmly by steel tent pegs (300 mm long) driven fully into the soil (Fig. 2) . Then we added the trap frame, consisting of a second 1200 x 1800 mm sheet of weld-mesh (4 mm gauge, 75 x 50 mm mesh), which was bent along two parallel lines to form a flat arch approximately 700 mm high and 800 mm wide at the base (Fig. 2) . The frame was secured to the floor with two 4 mm steel spring shackles on each side. We also constructed a wooden hide about 20 m along the fence-line from each trap, and drove a steel post deeply into the earth floor of each hide. Kangaroos adapted rapidly to these changes, and continued to use the modified gateways.
Four months later we installed the netting and draw-string assembly, as shown in Fig. 1 . We tied both sides of a 1200 x 1600 mm piece of 36-ply braided nylon netting (15 x 15 mm or 5 x 5 mm mesh) to the weld-mesh floor to create a soft tunnel inside the frame. At each end of the tunnel we threaded one end of a 6 m length of 6 mm nylon rope through 10 steel split-links, which were closed around the edge of the netting, then tied the end to the trap floor to form draw-string closures at each end of the tunnel (Fig. 2) . We suspended the drawstrings and netting from the frame with spring clothes pegs, and ran the mid-point of the draw-string rope through a steel snap-lock shackle (8 mm gauge) attached to a 15 m length of 12 mm nylon rope. This rope ran along the fence-line to the hide, and was joined to a 5-m length of 30-mm nylon rope to provide a good hand-grip.
We captured M. giganteus during ten visits to the site from October 1998 to April 2001. We operated 2 -5 traps at one time depending on the location of the kangaroos. and made capture attempts in up to eight morning and evening sessions on each visit. Before each capture session, we prepared the trap by removing the two spring shackles holding the frame to the floor on the side closer to the hide, so that the frame was hinged on the opposite side. The authors then entered the hides. A team of 2 -6 assistants drove kangaroos from the paddocks towards the traps early in each morning session. The team repeated the process by driving the kangaroos out of the shelterbelts, through a trap into paddocks again, then attempted to guide them towards another trap. Kangaroos became increasingly reluctant to leave cover, and we usually ceased our efforts after 1 -2 h in morning sessions. In evening sessions, we waited until kangaroos had emerged from shelterbelts, then drove them from the paddocks, and in the reverse direction, until the light was inadequate.
When a target individual entered a trap, the operator in the hide would pull the rope rapidly, closing both ends of the netting tightly and collapsing the netting tunnel. The operator then tied the rope to the anchor post in the floor of the hide, ran to the trap to swing the outer frame on to its side, and further restrained the kangaroo by throwing a jute wool-pack over the animal and holding it down. Once each animal was held in this way, we routinely gave it an intra-muscular injection of 'Zoletil' (1:1 Zolezapam and Tiletamine, Virbac, Peakhurst, NSW, Australia) at a dose rate of 3 -5 mg kg -1 (estimated body weight) to immobilise and anaesthetize the kangaroo. After induction (approximately 5 min), we released the tension on the drawstrings and transferred the kangaroo to the wool-pack. We secured the opening of the pack, then transported the kangaroo to a nearby laboratory for examination, marking with eartags and collar, and treatment with the fertility control agent. If there was an opportunity to capture more animals in the session, we held the kangaroo in the pack near the hide and reset the trap for another attempt. Because our priority was to capture as many kangaroos as possible for treatment and monitoring, we could not keep detailed records of the direction of movement or the success of each trapping attempt. Between visits to the site, we left the traps in place to encourage their use by kangaroos, but replaced the spring shackles at the base nearest the hide in case kangaroos dislodged the frame, and secured the drawstrings and netting to the frame with nylon rope in case the clothes pegs were disturbed.
RESULTS
We achieved 59 captures of 28 individual M. giganteus, which were each caught 1 -5 times. The kangaroos ranged from 19.5 -38.0 kg in body weight, and all were adult females with the exception of a 47.0 kg adult male caught in error. We caught most kangaroos as they attempted to leave the paddocks, but some were caught as they were driven out of the shelterbelts. Kangaroos generally approached the traps in groups, and we often had to wait until several non-target individuals had passed through traps before we could attempt a capture. In one instance, we unintentionally caught two females in the same trap as they crowded to pass through it. A capture at one trap frequently deflected the remaining kangaroos in the group to another trap and gave us additional capture opportunities. Failed attempts occurred mainly when the target individual moved through the trap rapidly and we pulled the rope too late, less often when the kangaroo baulked at the entrance of the trap and we closed it prematurely, and occasionally when the trap materials failed and a kangaroo escaped from the netting. In the event of any failure, we quickly reset the trap and returned to the hide. Overall, we caught an average of two kangaroos (range = 0 -4) per morning or evening session.
DISCUSSION
As with the original implementation of draw-string trap (Coulson 1996), we found that the technique was safe for both handlers and kangaroos. The 
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Wall of frame Floor of trap netting held the animal firmly and did not allow contact with handlers, or with any solid structures other than the weld-mesh floor. The process was rapid, so the risk of capture myopathy was minimal. The method was also highly selective, enabling us to target specific individuals and allow others to pass through.
Our modifications to the original design increased the operational scope of the trap. The traps at Portland were 30 mm longer, giving us more time to close them. This allowed us to drive M. giganteus through the traps rather than relying on passive movement, and to catch kangaroos crossing the fence in both directions. The traps were also taller, and were thus rarely disturbed by larger males and did not have to be reset often. In addition, the traps at Portland also had much larger floors, which were anchored firmly to the ground, allowing us to secure the free end of the rope in the hide when a kangaroo had been captured, so that only one operator was needed.
We encountered few problems with this trap system. Both the netting and frame were damaged during the capture of the 47 kg M. giganteus male, but there were no serious structural problems when catching adult females. Initially, the floor of some traps lifted from the sandy substrate, allowing the draw-string to loosen and the frame to deform. We solved this by securing the floor with 400 mm long, three-flanged, polycarbonate 'sand' pegs, driven fully into the soil. Tag loss and torn ears occurred in six recaptured kangaroos, when their ear tags became tangled in the netting. We attempted to minimise tag loss by careful handling while restraining the kangaroos. The finer (5 x 5 mm) netting used in one trap provided a more effective solution, because the tags could not fit through the mesh and none was lost.
The materials used in the trap were relatively simple and inexpensive. The gates and hides were constructed from timber and wire at hand. The approximate total cost of materials for each trap was $188.50 in 2002 prices (including GST), comprising two weldmesh sheets ($18.70 + $21.00), three ropes of different diameters ($4.80 + $40.00 + $23.50), netting, ($8.00), 20 split-links ($32.00) five shackles ($12.80 + $6.50), four 'sand' pegs ($15.80) and a packet of clothes pegs ($3.40) . With exception of the braided netting, which we purchased as offcuts from a specialist supplier (Oxley Bros, Beaconsfield Pde, Port Melbourne), all materials could be readily obtained from agricultural or camping suppliers, or from large hardware outlets.
Our selection of runways that were converted to gateways undoubtedly contributed to the success of the traps. The kangaroos had already shown a preference for these runways, which were then modified to make them easier to move through while also discouraging use of other access points. The design of the fence on each side the trap also influenced success. The kangaroos were more likely to push through the wires of the electric fences than attempt to force through the more robust physical barrier of the older netting fences. However, when driven too forcefully by our team of assistants, agitated kangaroos would simply hop over either type of fence at any point. This suggested that a substantial and taller fence, like the chain-mesh security fence used by Coulson (1996) , would further increase the effectiveness of the draw-string trap.
The enhanced design of the draw-string trap used at Portland potentially expands the application of this technique to other situations and different species. The draw-string trap could be used to capture other macropod species that move between pasture and cover, such as M. fuliginosus (Arnold et al. 1989) and M. rufogriseus (Naarding 1979 
